A comparison of the plum aphid (Hemiptera: Aphididae) guild structure in Lithuania before (1975) and after (2012) the establishment of the invasive aphid species Brachycaudus divaricatae Shaposhnikov, 1956, was performed to investigate the impact of this invasive species on the native species complex. No substantial changes in the native plum aphid species composition, host plant associations and seasonal frequency dynamics were detected. The incorporation of B. divaricatae into the plum aphid guild in the eastern Baltic region of Europe was found to have increased the stability of the guild. Such an effect is explainable by the diversification of the guild structure (one more species incorporated in the food chain) and increased effectiveness of the use of resources (cherry plum was underexploited before the invasion of the new aphid species).
Introduction
Aphids (Hemiptera: Sternorrhyncha, Aphididae) are important pests of cultivated plums (Prunus spp.) all over the world Blackman, Eastop, 2000; Barbagallo et al., 2007) . In Lithuania, distribution, morphology, life cycles and host specificity of plum aphid species have been the subject of intensive studies since the seventh decade of the last century (Rakauskas, Cichocka, 2005 , also references therein). Six aphid species have been reported inhabiting plum trees in Lithuania: Hyalopterus pruni (Geoffroy, 1762), Phorodon humuli (Schrank, 1801) , Brachycaudus cardui (Linnaeus, 1758), B. helichrysi (Kaltenbach, 1843) and Rhopalosiphum nymphaeae (Linnaeus, 1761). Out of these, H. pruni appeared to be the most common one, followed by P. humuli (Rakauskas, 1978; . Since 2002, an alien to Central Europe invasive aphid species Brachycaudus divaricatae Shaposhnikov, 1956 has been established in Lithuania (Rakauskas, Cichocka, 2005; Rakauskas, Turčinavičienė, 2006; Bašilova et al., 2012) . It is common knowledge that invasive species not only increase in numbers and spread geographically after their introduction into a new area, but might also start threatening the biodiversity of the invaded areas (UNEP, 2002; Mooney, 2005; DAISIE, 2009; Estoup, Guillemaud, 2010) . The possible impact of the alien invasive species on the native biota concerns multiple interactions and is not easy to prove unambiguously (Sakai et al., 2001; Roy et al., 2011; Jeschke et al., 2012) . Therefore, comparative analysis of native communities before and after the invasion is important both from the theoretical and practical viewpoints.
This study mainly focused on a comparison of the plum aphid guild structure in Lithuania before (1975) and after (2012) the establishment (from 2002) of the invasive alien (to Central Europe) aphid species Brachycaudus divaricatae, using previous studies of plum aphids performed in 1975 (Rakauskas, 1978) .
Materials and methods
The principle data concerning plum aphid guild structure in the absence of an invasive aphid species were those from 1975 (Rakauskas, 1978) . In 1975, the observations lasted from 23 May-31 July in northern and eastern parts of Lithuania (Fig. 1) . Host plants were visually examined for the presence of any aphids. Degree of infestation was evaluated by assigning one of the four infestation levels, the fourth level being the heaviest one (Rakauskas, 1980) . The location of aphid colonies on the tree canopy (root suckers, aerial shoots, leaves, fruits, etc.) was also evaluated. In total, 222 cherry plums (Prunus cerasifera Ehrh.) and 424 domestic plums (P. domestica L.) were investigated in 1975. Aphid species were identified in the field based on the macroscopic characters of aphid colonies (Rupais, 1969) . When needed, a precise identification of the sampled aphid material was performed on microscope slides using the keys developed by Shaposhnikov (1964) and Cichocka (1980) . Research into the plum aphid guild structure in the presence of the invasive aphid species Brachycaudus divaricatae was performed in 2012 from 9 May to 13 August in 24 administrative regions of Lithuania (Fig. 1) . To make the Plum (Prunus spp.) aphid guild (Hemiptera: Sternorrhyncha, Aphididae) structure in Lithuania:
any impact of an alien aphid species?
results comparable, the same method of evaluating aphid infestation degree was applied. In addition to the earlier mentioned identification keys, those of Blackman and Eastop (2000) , also Rakauskas and Cichocka (2005) were used. Samples of the genus Hyalopterus have also been attributed to species by means of their partial sequences of mitochondrial COI gene (Rakauskas et al., 2013) . The aphid material is deposited in the aphid collection of the Department of Zoology, Vilnius University. Altogether, 1063 cherry plum and 756 domestic plum trees were investigated in 2012.
Aphid guild structure was evaluated by calculating the percentage of infestation for every aphid species on each host (cherry plum and domestic plum) during the season (May-July). In addition, selected host plants were monitored in 2012 to get more precise information about the seasonal dynamics of aphid infestation for particular plum species. This monitoring was performed on 19 cherry plum trees and 15 domestic plum trees in Skirgiškės (Vilnius region, Lithuania, N 54°49′53, E 25°21′49). To check for any reliable differences in aphid infestation between cherry plum and domestic plum in different years, a nonparametric ANOVA, including Kruskal-Wallis test followed by a post hoc test (multiple comparisons of mean ranks) was performed. Nonparametric statistics were chosen because the data set consisted of nominal and ordinal data. To reveal the most important predictors of plum infestation, multiple regression analysis was carried out. Two types of analyses were carried out for cherry plums: based on data for all aphid species, and with B. divaricatae data removed. All computations were performed by means of STATISTICA, version 8 (2007) .
Results and discussion
In 1975, infestation of cherry plums was low (14.41% trees infested, 10.36% at infestation stages III to IV). The predominant aphid species inhabiting cherry plums in the studied regions of Lithuania was Hyalopterus pruni (Geoffroy) (12.61% trees infested, 6.65% at infestation stages III to IV). Phorodon humuli (Schrank) and Brachycaudus cardui (L.) were each found twice only, whilst B. helichrysi (Kaltenbach) was not found on cherry plums at all (Fig. 2 A) . In 2012, The predominant aphid species on cherry plums was B. divaricatae (62.84% trees infested, 26.95% at infestation stages III to IV). The remaining four aphid species were rare on cherry plums in 2012, the same as in 1975 (Fig. 2  C) . Kruskal-Wallis test followed by multiple comparisons post hoc test revealed statistically significant difference in the total infestation of cherry plum between 1975 and 2012, which was mainly caused by the addition of B. divaricatae (Table 1) . When the information on the infestation by B. divaricatae had been removed from the data set, the total infestation of cherry plums did not show any statistically significant differences between 1975 and 2012 (Table 1) .
This was also confirmed by the multiple regression analysis (Table 3) . That is, a marked increase in the total infestation of cherry plums by all aphid species between 1975 and 2012 is explainable by the introduction of B. divaricatae. On domestic plum, the infestation level of H. pruni was remarkably high in 1975 (41.75% trees infested, 15.57% infested at levels III-IV), and constituted half of the aphid species detected on domestic plums, followed by P. humuli (Fig. 2 B) . H. pruni was very common also in 2012 (46.36% trees infested, 26.62% infested at levels III-IV), followed by B. helichrysi, B. cardui, P. humuli and R. nymphaeae (Fig. 2 D) .
Kruskal-Wallis test followed by multiple comparisons post hoc test did not reveal any statistically significant difference between the total infestation on P. domestica between 1975 and 2012, although differences in infestation levels by P. humuli and H. pruni proved to be statistically significant (Tables 2-3) .
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The available data show the same native aphid species having inhabited plums in Lithuania before (Rakauskas, 1978; and after invasion of B. divaricatae (Rakauskas, Cichocka, 2005 ; and the present study). The multiple regression model obtained for the infestation of cherry plum (excluding data on B. divaricatae) is statistically significant (Table 3, summary) , and the value of R² is 0.804. When data on B. divaricatae were excluded from analysis, the following statistically significant independent variables according to the values of beta appeared among the most important predictors: the infestation by H. pruni, by B. helichrysi and by B. cardui (Table 3) . That is, H. pruni was the most common native aphid species inhabiting cherry plums before the arrival of B. divaricatae, and it remained so afterwards. The alien invasive aphid species seems to have occupied underexploited cherry plum. The principle winter host for the guild of the native plum aphid species before and after invasion of B. divaricatae remained domestic plum. The multiple regression model obtained for the infestation of domestic plum is statistically significant (Table 3 , summary) and the value of R² is 0.675. The most important predictor of the total infestation of domestic plum appears to be the infestation level by H. pruni (Table 3) . The possible explanation is that the cherry plum is an invasive plant species in Central and Western Europe (Meusel et al., 1965) . Since the introduction of cherry plum in Lithuania in the middle of the last century, native plum aphid species failed to change their feeding were also mostly associated with domestic plum in both years. The native aphid species frequency spectrum on both species of plum appeared similar before and after the invasion of B. divaricatae: H. pruni was predominant, B. cardui, B. helichrysi and P. humuli -subdominant, with R. nymphaeae being a rare species (Fig. 2) . Available data suggest that B. divaricatae has occupied the vacant niche on cherry plums in Lithuania. Such a "peaceful" incorporation of B. divaricatae into the plum aphid guild of Lithuania might be explained by the biological peculiarities of Lithuanian populations of the invasive species -they were reported to be monophagous and monoecious on cherry plum (Rakauskas, Juronis, 2006; Rakauskas, Turčinavičienė, 2006) . The facultatively shortened life cycle, when laying of overwintering eggs begins in June (for details see Rakauskas and Turčinavičienė, 2006) , causes (together with response of host plant and pressure of aphidophages) the decline in abundance of B. divaricatae from the mid-summer (Fig. 3 A) thus preventing overexploitation of the host plants and escaping from natural enemies. An important feature of B. divaricatae is that winged viviparous females can colonize new cherry plum plants, whereas winged viviparous females of all local plum aphid species leave plums for summer host plants; they are not capable of feeding and reproducing on plums (Smolarz, 1970; Rakauskas, 1983; Mosco et al., 1997) . As a consequence, population densities of the native aphid species on cherry plums decline at the end of summer in Lithuania, giving additional feeding space for B. divaricatae. The only exception is H. pruni, which continues producing apterous viviparous females until the end of summer in some years in certain localities. Besides the temporal heterogeneity, plums provide also a spatially heterogeneous environment for aphid feeding, as was already referred to for aphid associations on other host plants (Addicot, 1978; Hajek, Dahlsten, 1986; Völkl, 1989; Molnár et al., 2000) . Namely, the two most common plum aphid species in Lithuania share their feeding space: B. divaricatae mostly inhabits young shoots, including fresh foliage, whilst H. pruni prefers leaves. Of the remaining species, young shoots are also preferable for B. helichrysi, B. cardui and R. nymphaeae. The latter native aphid species escape confrontation with B. divaricatae due to early migration (Fig. 3) . Also, as noted earlier, their preferred winter host plant species in Lithuania is domestic plum; they can also live on other plum species, including apricots, peaches and almonds (Cichocka, 1980; Barbagallo et al., 1997; Blackman, Eastop, 2000; Holman, 2009) . B. divaricatae, at least for the present in Lithuania and the entire eastern Baltic region of Europe, is monophagous on cherry plum. The other hosts of this species in Lithuania are Prunus americana Marsh (a rare, introduced species) and a cultivated variety 'Skoroplodnaya', which is reported (Eremin, 2003) to be a hybrid between Prunus salicina Lindl. and P. americana. For the present, these plum species seem to be just temporary summer hosts of B. divaricatae, without any possibility of aphids completing their entire life cycle on them (Rakauskas, 2013 , unpublished data).
Conclusively, the incorporation of B. divaricatae into the plum aphid guild of the eastern Baltic region of Europe might be taken as a positive event increasing the stability of the guild. Such an effect can be explained by the increase of the variety of the guild structure (one more species incorporated in the food chain) and more effective use of resources (cherry plum was underexploited before the invasion of the new aphid species). From the viewpoint of horticulture, invasion of B. divaricatae might stabilise population dynamics of the native pest aphid species on plums. This is because numerous populations of the invasive aphid species (exploiting cherry plum which is an invasive species of little commercial value for the present at least) serve as an important reservoir for the aphid natural enemies, which subsequently switch to the native aphid populations. Yet, such a speculation demands further research.
Conclusions
1. No substantial changes in the native plum aphid species composition, host plant associations and seasonal frequency dynamics were detected after the introduction of the alien plum aphid species Brachycaudus divaricatae into Lithuania.
2. B. divaricatae is monophagous on cherry plum in Lithuania, the plum species that is underexploited by the native plum aphid species.
3. Invasion of B. divaricatae is expected to stabilise population dynamics of the native pest aphid species on plums, because numerous populations of the invasive aphid species serve as an important reservoir for the aphid natural enemies.
